In the present study, an analysis is carried out to investigate the effect of chemical reaction and radiation on a steady two-dimensional magneto-hydrodynamics (MHD) heat and mass transfer free convection flow of a viscous incompressible fluid along a stretching sheet with heat generation along with the effect of viscous dissipation. The basic non-linear partial differential equations governing the flow field are reduced to a system of coupled non-linear ordinary differential equations by similarity transformations and the equations are solved numerically by applying Nachtsheim-Swigert shooting iteration technique along with sixth order Runge-Kutta integration scheme. The numerical results with respect to embedded parameters are displayed graphically for the non-dimensional velocity, temperature and concentration profiles. Finally the effects of the pertinent parameters which are of physical and engineering interest are presented in tabular form.
I. Introduction
Incompressible viscous flow involving heat and mass transfer under the influence of chemical reaction and radiation is of great importance to many areas of science and engineering. This is because of various possible engineering and metallurgical applications such as hot rolling, wire drawing, metal and plastic extrusion, continuous casting, glass fiber product, crystal growing, paper product, petrochemical industry, power and cooling systems, cooling of nuclear reactors, heat exchange design, dynamics as well as in magneto-hydrodynamics power generation systems. Many analytical and numerical studies have been conducted to explain the various aspects of boundary layer flow with heat and mass transfer over flat surface. Sakiadis [1, 2] was the first to study boundary layer flow over a stretching surface moving with a constant velocity in an ambient fluid. He employed a similarity transformation and obtained a numerical solution for the problem. Erickson et al. [3] extended the work of Sakiadis to account for mass transfer at the stretching surface. Tsou et al. [4] presented a combined analytical and experimental study of the flow and temperature field in the boundary layer on a continuous moving surface, in which the flow is caused by an elastic sheet moving in its own plane with a velocity varying linearly with the distance from a fixed point studied by Crane [5] .
Possible heat generation effect may alter the temperature distribution; consequently, the particle deposition rate in nuclear reactors, electronic chips and semi conduction wafers. Vajravelu and Hahjinicalaous [6] studied the heat transfer characteristic in the laminar boundary layer of a viscous fluid over a stretching surface with viscous dissipation in the presence of internal heat generation or absorption. Gebhart [7] was the first who studies the problem taking into account the viscous dissipation. Recently, Samad and Tania investigated the effect of radiation, heat generation and viscous dissipation on MHD free convection flow along a stretching sheet [8] .
Diffusion of a chemically reactive space from a stretching sheet was studied by Anderson et al. [9] . Anjali Devi and Kandasamy [10] have analyzed the effects of chemical reaction, heat and mass transfer on laminar flow along a semi infinite flow plate. In the present work, we make an attempt to investigate the problem of MHD free convection flow past an infinite or semi-infinite vertical stretching sheet with chemical reaction, radiation, and heat generation. In this work an attempt is also taken to focus the effect of viscuss dissipation, To be more specific, we have studied and investigated the presence of radiation effect on MHD free convection heat and mass transfer flow along a stretching sheet as its importance in engineering and industrial applications.
II. Mathematical Formulation
Let us consider a steady two dimensional MHD free convection laminar boundary layer flow of an electrically conducting fluid over a continuous stretching vertical sheet in the presence of heat generation under the influence of thermal radiation. Here the system is taken to be Cartesian coordinate system with x-axis and y-axis in the vertical and horizontal direction respectively. The temperature and the concentration of the free stream are and whereas the ambient temperature and the concentration of the free stream are and .
The fluid is taken to be gray, absorbing or emitting radiation but being a nonscattering medium. To describe the radioactive heat flux in the energy equation the Rosseland approximation is used. The radioactive heat flux in the x-direction is negligible in comparison to the y-direction. Where u and v are the velocity components in the x and y direction respectively, is the kinematic viscosity, g is the acceleration due to gravity, is the volumetric coefficient of thermal expansion, T is the fluid temperature in the boundary layer, C is the concentration of the fluid with in boundary layer, is the electric conductivity, is the uniform magnetic field strength, is the density of the fluid, is the thermal conductivity of the fluid, is the specific heat at constant pressure, is the heat generation constant, is the radiative heat flux and is the coefficient of mass diffusivity.
The effect of the second term on the right hand side of the momentum equation is due to buoyancy force. If s=0, there is no buoyancy effect on the flow and the governing equations represent forced convection flow. In this work we are considering the case s=1.0 i.e. the free convection flow where the buoyancy effect is dominant. In order to obtain a solution of equations (1)- (4), we introduce the following similarity variables
Where is the stream function, is dimensionless distance normal to the sheet, f is the dimensionless stream function, is the dimensionless fluid temperature and is the dimensionless concentration. Now, (5) Substituting in the governing equations gives rise to the following boundary value problem is the Prandtl number is the radiation parameter.
is the local heat source parameter.
Sc =
is the Schmidt number.
and the boundary conditions becomes is the suction parameter.
III. Numerical Computation
By applying a shooting method with Nachtsheim-swigert iteration technique [11] along with the sixth order Runge-kutta Butcher iteration scheme the numerical solution of the non-linear differential equations (6) - (8) under the boundary conditions (9) . In order to verify the effects of the step size  , the programming code was run for our model with three different step sizes as  = 0.005,  = 0.007,  = 0.01 and in each case we found excellent agreement among them. The parameter of engineering interest of the present problem are the Skin friction coefficient ( ), Nusselt number and Sherwood number which represent physically wall shear stress, local wall heat transfer rate and wall mass transfer rate respectively. From equation (5) 
IV. Result and Discussion
For the purpose of discussing the results, the numerical calculations are presented in the form of non-dimensional velocity, temperature and concentration profiles for different values of buoyancy parameter (), suction parameter(Fw), Prandtl number (Pr), local magnetic parameter (M), heat source parameter (Q), Schmidt number (Sc) and local radiation parameter (N). The effects of buoyancy parameter on the velocity, temperature and concentration profiles are shown in Fig 2(a), Fig 2(b) and Fig  2(c) respectively. In Fig 2(a) we observe that the velocity profiles increase with the increase of buoyancy parameter up to around but after that the velocity profiles shows a slight decreasing trend as increases further; thus we get a cross flow here. However, near the surface the velocity profiles act quit differently for different values of . The velocity profiles decrease for  = 1.0, 2.0, 3.0, 5.0, whereas the velocity profile increases quite rapidly for  = 7.0 near the stretching sheet and then starts to decrease . Fig 2(b) and Fig 2(c) exhibit that the temperature and the concentration profiles are strictly decreasing with the increase of buoyancy parameter. In Fig 3(a), Fig 3 (b) and Fig 3(c) , we observe that the dimensionless velocity, temperature and concentration profiles decrease with the increase of suction parameter (Fw). For Fw=1.0,we notice that the velocity and temperature profiles increase near the surface and then start to decrease. The velocity profiles decrease with the increase of suction parameter Fw, expressing the fact that suction stabilized the boundary layer growth. However, for the value of the suction parameter, the temperature and concentration profiles starts to decrease monotonically from the very beginning. So suction can be used very effectively in controlling the flow field. Fig. 2(a) . Buoyancy parameter effect on velocity profiles
The effect of Prandtl number (Pr) on velocity, temperature and concentration distribution is displayed in Fig 4(a), Fig  4(b) and Fig 4(c) respectively. Fig 4(b) shows that the velocity and temperature profiles decrease with the increase of Prandtl number (Pr). Physically, Pr=0.71, 1.0,7.0, correspond to air at c, to electrolyte solution such as salt water and to water respectively. We can observe the effect of magnetic parameter (M) on the dimensionless velocity, temperature and concentration distribution from Fig 5. The velocity curve in Fig 5(a) shows that the rate of transport is considerably reduced with the increase of magnetic field parameter (M).It clearly indicates that the transverse magnetic field opposes the transport phenomena. This is due to the fact that the variation of M leads to the variation of Lorenz force due to magnetic field and the Lorenz force produces more resistance to the transport phenomena. However, the temperature and concentration profiles increase as magnetic parameter (M) increase.The profile of velocity, temperature and concentration for different values of heat source parameter are shown in Fig 6. It is observed that as increase . So radiation can be used to control velocity and temperature boundary layers quite effectively. 
V. Conclusion
By summarizing the present study we can make the following conclusions:
1. 
